INTRODUCTION
Pathogenic Agrobacterium species cause crown gall disease and hairy root disease. Taxonomy of agrobacteria have been revised several times (for a review, see Young et al., 2005) . The archanic taxonomic system based on only pathogenicity was replaced with the biovar classification based on phenotypic and genotypic characteristics. The biovar 1, 2 and 3 strains are represented by A. tumefaciens, A. rhizogenes and A. vitis (Kersters and De Ley, 1984) . Updated taxonomic studies amalgamated the genus Agrobacterium with the genus Rhizobium, and recommend to use Rhizobium as the unified family name (Young et al., 2001) . However, conventional classifications are still in common use because of long history of researches on the bacteria due to their importance. Thereby, to minimize confusion, we put the Agrobacterium biovar classification, and the latest nomenclature recommended by Young et al (2001) here.
Strains of Agrobacterium biovars 1 (A. tumefaciens; R. radiobacter) and 2 (A. rhizogenes; R. rhizogenes) harboring Ti and/or Ri plasmids are capable of inducing tumorigenic and/or hairy-root dieseases in many dicot plants in general. Many biovar 3 (A. vitis; R. vitis) strains have been reported to have a limited host range, whose representative host plant genus is Vitis (Young et al. 2005 ).
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In addition to the unique pathogenic property, it is notable that agrobacteria exhibit large chromosomal variation. Agrobacterium biovar 1 strains C58 and MAFF301001 harbor a 2.8-Mbp circular chromosome DNA and a 2-Mbp linear chromosome DNA (Goodner et al., 2001; Wood et al., 2001; Suzuki et al., 2001 ) as well as Ti and cryptic plasmids. Agrobacterium biovar 2 (R. rhizogenes) strains K84 and A4 harbor a 3.7-Mbp circular chromosome, a 2.6-Mbp replicon and several plasmids (Urbanczyk et al., 2003) . The genomic variation in the Agrobacterium biovars is a nice research target for bacterial chromosome evolution because of the large variation including topology within a single genus and the large number of species with high ecological, agricultural and biotechnological importance in the genus.
In agrobacteria, pathogenesis genes (virulence genes; vir) form a large cluster on the Ti and/or Ri plasmids (Suzuki et al., 2000; Moriguchi et al., 2001 ). In addition to vir genes, many chromosomal genes are important for the pathogenicity. Previous mapping in Agrobacterium biovar 1 strain MAFF301001 showed the presence of chromosomal virulence genes (chv) on the circular and linear chromosomes (Suzuki et al., 2001) , which notion was supported by the whole genome sequence data of C58 strain (Goodner et al., 2001 , Woods et al., 2001 ). On the contrary, mapping in K84 and A4 strains indicated that chv genes are located on the circular 3.7-Mbp chromosome in Agrobacterium biovar 2, whereas neither of chv nor rRNA genes are present on the auxiliary 2.6-Mbp replicon despite of its large size (Urbanczyk et al., 2003) . The difference of the chv gene distribution between the two species is interesting in relation to the difference in genomic organization. Among the three major Agrobacterium phytopathogenic groups, Agrobacterium biovar 3 (A. vitis; R. vitis) remains to examine its genomic physical map and location of chv genes. Information about its genome organization has only been reported to have two circular mega replicons (3.5 Mbp and 1.0 Mbp) (Jumas-Bilak et al., 1998) . Both of the mega replicons hybridize with 16S rRNA gene probe. Thereby, the replicons are termed chromosomes. Neither physical map nor complete sequence data are available in the literature yet. Whole genomic sequence data of a strain in the same species
is not yet open to public.
In this study, we constructed physical map of a biovar 3 strain K-Ag-1, and then localized chv genes on the map to compare with the information of the other two biovars.
MATERIALS AND METHODS
Bacterial strains and growth conditions Eight wild type Agrobacterium biovar 3 (A. vitis; R. vitis) strains, KAg-1, G-Ag-19, G-Ag-27, G-Ag-37, G-Ag-60, NCPPB1771, NCPPB2562 and S4 (Holmes and Robert, 1981; Sawada et al., 1990; Sawada and Ieki, 1992a; Sawada and Ieki, 1992b; Szegedi, 1985) were grown at 28°C on LB medium (1% NaCl, 0.5% glucose, 1% Tryptone and 0.5% yeast extract). A spontaneous Rif r derivative of the strain KAg-1 was selected by plating a loopfull of cells on LB agar containing rifampin (30 μg/ml).
Mini-Tn5 mutagenesis
Physical mapping by minitransposon tagging method basically followed Goodner et al. (1999) . The Rif r strain (recipient) and Escherichia coli S17-1 λ pir harboring the mini-transposon plasmid pUT::Tn5 (pfm1+PmeI) (Urbanczyk et al., unpublished data) (donor) were grown separately at 28 and 37°C, respectively. The donor and recipient cells were then mixed at a cell number ratio of 1:5 (donor to recipient) and spread onto LB agar plate. The mating mixture was incubated at 28°C overnight and then suspended in 0.5 ml of AB minimal medium (Chilton et al., 1974) . The suspension was re-spread on AB agar plate containing kanamycin (50 μg/ml) and rifampin (30 μg/ml). Eighteen transconjugant bacterial colonies with insertions of the mini-Tn5 in the genome were chosen randomly among 464 transconjugant colonies appeared on the selective agar.
Pulsed-field gel electrophoresis (PFGE) analysis
Intact genomic DNA in agarose plugs was prepared as described elsewhere (Suzuki et al., 2001 ) and digested with PacI or PmeI (New England Biolabs, Beverly, MA) according to the manufacturer's recommendation. The digested genomic DNAs were separated by PFGE in 1.0% (w/v) agarose gel with the contour clamped homogenous electric field (CHEF) electrode as described previously (Suzuki et al., 2001) . Lengths of the macro-restriction fragments separated by PFGE were calculated by comparison with the following size markers, yeast chromosomal PFG marker (New England Biolabs) and midrange I PFG marker (New England Biolabs).
Plasmid analysis Intact genomic DNA was subjected to 0.7% (w/v) agarose gel electrophoresis at 60 V for 16 h in 1 × TBE buffer, and then the gel was stained by ethidium bromide. Circular plasmid DNAs with known size were used as size marker.
Southern analysis Genomic DNA fragments in agarose gel were transferred onto Biodyne B membrane (Pall, East Hills, NY), and then the membrane was hybridized with a 32 P-labeled probe in Church-Gilbert buffer (Church and Gilbert, 1984) . The probes for virB4-B6, 16S rRNA, chvA, chvD, chvE, glgP, exoC and ros genes of Agrobacterium biovar 1 (R. radiobactor) strain MAFF301001 were prepared as described elsewhere (Suzuki et al., 2000; . Autoradiographic detection was performed using Physical map of a biovar 3 Agrobacterium strain BAS-III imaging plates (Fuji Photo Film, Tokyo, Japan) with STORM image analyzers (Amersham, Piscataway, NJ) as recommended by the manufacturers.
Cloning of PacI-junction DNA fragments Junction DNA fragments were cloned basically according to Takami et al. (1999) as described in Suzuki et al. (2001) . Total genomic DNA was digested with EcoRI and/or HindIII. The digested DNA was self-ligated, then redigested with PacI in order to form a linear molecule with the PacI restriction sites at both ends. The resulting DNA fragments were ligated with PacI-treated pNEB193 vector (New England Biolabs), and then transformed into E. coli XL1-Blue. Recombinant plasmids were screened among the transformants for retention of a short PacI fragment.
RESULTS

PFGE profiles of macro-restriction fragments among Agrobacterium biovar 3 (A. vitis; R. vitis)
strains We compared Agrobacterium biovar 3 strains by digestion of whole genomic DNA with rare cutter enzymes. Intact genomic DNA samples were prepared from the following strains: five strains isolated in Japan (K-Ag-1, G-Ag-27, G-Ag-37, G-Ag-19 and G-Ag-60) and three strains isolated outside of Japan (NCPPB1771, NCPPB2562 and S4). The intact DNAs were digested by PacI and PmeI, and then separated by PFGE. DNA fragment ladders were almost identical among K-Ag-1, G-Ag-27 and G-Ag-37 as shown in Fig. 1 and Table 1 . K-Ag-1 and G-Ag-37 possess the same numbers and sizes of restriction fragments (Table 1) . K-Ag-1 and G-Ag-37 differ with G-Ag-27 merely for the size of the sixth PmeIfragment (Table 1) , which was a fragment on 560-kbp plasmid as described in later subsection. In addition, Southern hybridization indicated that the three strains contained rDNA on three fragments, which lengths were the same among the three strains (Table 1) . These results indicate that the three strains are close relative within the species. On the other hand, remaining five biovar 3 strains exhibited different ladder profiles each other in the PFGE and the Southern analysis data ( Fig.1 and Table 1 ). Southern analysis with 16S rRNA gene as a probe detected three and four signals depending on strains (Table 1 ). These data indicated that the biovar 3 strains have at least three to four rDNA loci because the biovar 3 strains examined in this study contain neither PmeI nor PacI cutting sites in their 16S rRNA gene (see accession number AB247606, for example). 
Physical map construction of K-Ag-1 genome
We constructed physical map for the K-Ag-1 strain (Fig. 2) . As shown in Table 1 , the fragment profile of K-Ag-1 genome consisted of 14 PacI fragments and 16 PmeI fragments. Linkages between the PacI and PmeI fragments were detected by three methods successively. Linkages between PacI and PmeI fragments were determined by Southern hybridization using isolated fragments as probes as shown in Table 2 . Furthermore, linkages between PacI fragments were indicated by Southern hybridization using short linking clones as probes as shown in Table 3 . Mini-transposon tagging method was employed finally. Eighteen mutants were isolated, which possessed in each genome an insertion of mini-Tn5 transposon carrying restriction cutting sites for PacI and PmeI as described in materials and methods. Digestion of a mutant's genomic DNA by PacI and PmeI and subsequent separation by PFGE revealed a set of wild type PacI and PmeI fragments on which a transposon insertion occured in the mutant as summarized in Table 4 .
We build up a physical map of the K-Ag-1 genome, which is the best fit for the above linkage relationship data between fragments, although there remain subtle mismatches in length within the map due to the resolu- tion of PFGE analysis. Genomic organization based on the data demonstrates four circular replicons, namely 3.6 Mbp, 1.1 Mbp, 560 kbp and 230 kbp in size. In addition, a 70 kb-plasmid, which was detected only by the plasmid analysis in Fig. 3 , was also present in the genome. In total, five circular replicons constituted the K-Ag-1 genome, as shown in Fig. 2 . Total size of the genome was 5,560 kbp.
Plasmids Small plasmid DNA in K-Ag-1, together with G-Ag-27 and S4, was investigated as shown in Fig.  3 . Two plasmids of approximately 230 kbp and 70 kbp in length were detected in K-Ag-1 and G-Ag-27 (Left panel in Fig. 3 ). Four plasmids were observed in S4. One of the four plasmids in S4 was common with the 230-kbp plasmid in K-Ag-1 and G-Ag-27. The 230-kb plasmids in the three strains were Ti plasmids as revealed by a Southern hybridization experiment with a virB DNA as a probe (data not shown). A 560-kbp plasmid revealed by a combination of Southern and mini-Tn5 mutant analysis was not observed in the plasmid profile (Fig. 3) . The Genomic Southern analyses were carried out using an isolated fragment as a probe. No signal suggests that hybridization signal is hardly detected due to no cutting site in the target molecule. Five clones linking between two PacI fragments were isolated as described in Materials and Methods. Southern hybridizations were performed using the linking clones as probes. ; 190, 190 Insertion of the mini-Tn5 into a wild type genomic molecule converts a tagged wild type fragments to new fragments in general. For each mutant, wild type fragment abolished and new fragments created were indicated by the serial number designation (see Table 1 ) and fragment sizes in kbp, respectively. Asterisk indicates that the mutant showed no serial number and a single new fragment due to no cutting site for the enzyme in the wild type target molecule. Underlined PacI and PmeI fragments were detected by hybridization with the probes prepared of Pme#7 and Pac#13, respectively. plasmid may remain near the sample well position due to its large size under the electrophoresis condition used (see Materials and Methods). Presence of the three plasmids in K-Ag-1 was somewhat confusing on the way of the physical map construction, due to absence of cutting sites for either PacI and PmeI enzymes and/or absence of both cutting sites depending on the plasmid. As shown in Fig. 2 , two PacI fragments (#9 and #11) constituted the 230-kb plasmid, which contained no PmeI site ( Table 2 ). The 70-kb plasmid contained neither PacI nor PmeI sites as shown in Fig. 2 . Thereby, the smallest plasmid was detected only by the small plasmid analysis (Fig. 3) . The 560-kb plasmid consisted of three PmeI fragments (#6, #9 and #16), but contained no PacI site (Table 2) . Two mini-Tn5 mutants (M17 and M18) enabled us to construct the physical map of the 560-kbp plasmid easier because of PacI site addition (Table 4 and Fig. 2) .
Mapping of rDNA and virulence genes
Using the physical map of K-Ag-1, locations of rDNA and virulence genes were determined. Probes were prepared using biovar 1 DNA fragments that code 16S rRNA gene and twelve chromosomal virulence genes and a Ti plasmid operon virB. Two of the three rDNA loci were located on the larger (3.6 Mbp) chromosome, while the remaining one was harbored on the smaller (1.1 Mbp) chromosome. Contrary to the rDNA loci, glgP, chvA, chvD, chvE, ros and exoC were found not on the smaller chromosome, but on the larger chromosome (data not shown). We failed to determine locations of chvB, chvG, chvH, chvI, miaA and acvB since specific signals were not detected under the hybridization condition in this study. This result suggests lower homology between the biovar 1 probe nucleotide sequences and the target biovar 3 genes. As mentioned in the previous section, virB was contained in the 230-kb plasmid.
DISCUSSION
In this study, we revealed genomic RFLP among eight Agrobacterium biovar 3 (R. vitis) strains and found that the three strains (K-Ag-1, G-Ag-27 and G-Ag-37) are close relatives within the species. Five out of the eight strains were isolated in Japan. Therefore, this datum suggests that the line of the three strains is a major one in Japan. This datum also indicates usefulness of the genomic RFLP method in identification of source pathogen in sporadic occurrence of diseases in the biovar. It is well-known that biovar 3 strains have been frequently isolated from grapevine plants, and host range of many biovar 3 strains is relatively narrow when compared with those of biovars 1 and 2 (for a review, see Young et al., 2005) . However, there are a few exceptions concerning the source host plants from which the biovar 3 strains were isolated (Sule, 1978; Bazzi and Rosciglione, 1982; Sawada and Ieki, 1992b) . Among the eight biovar 3 strains which we used in this study ( Fig. 1 and Table 1 ), K-Ag-1 is unique since the strain was isolated from a tumor on a kiwifruit tree (Sawada and Ieki, 1992b) . The other seven strains were isolated from tumors on grapevine trees. G-Ag-27 and GAg-37 were isolated from grapevine tumors in Nagano prefecture, the central region of Japanese Honshu island (Sawada et al., 1990; Sawada and Ieki, 1992a) , while KAg-1 was isolated in Hiroshima prefecture, a western region of Japanese Honshu island (Sawada and Ieki, 1992b) . It is likely that the line of the strains have been spread widely in grapevine trees and then been transmitted to a kiwifruit tree. In accordance with the speculation, K-Ag-1 retains infectivity onto grapevine plants and ability to utilize L-tartrate (Sawada and Ieki, 1992b) .
We constructed the physical map of the K-Ag-1 genome in this study. As far as we know, this is the first report about physical and gene map of any biovar 3 strains. The Fig. 3 . Plasmid analysis of three biovar 3 strains. Undigested intact genomic DNAs prepared from three biovar 3 strains K-Ag-1, G-Ag-27 and S4 were subjected to agarose gel electrophoresis. The separated plasmid DNAs in the gel were transferred onto a nylon membrane, and then analyzed by Southern hybridization using two restriction fragments Pac#9 and Pac#11 of K-Ag-1 (Table 1) as probes. Numerals at the left side of the figure indicate molecular sizes (kbp) of marker plasmids . Chr represents chromosomal DNA and a small proportion of plasmid DNA, which were linearized during preparation.
genomic organization of K-Ag-1 was shown to be two circular chromosomes of 3.6 and 1.1 Mbp and three plasmids of 560, 230 and 70 kbp (Fig. 3) . Both of the two chromosomes contained rDNA, while the chromosomal virulence genes were found on the larger chromosome but not on the smaller chromosome (Fig. 3) . In this study, rDNA was detected on three PmeI fragments in K-Ag-1. However, rDNA was detected on four PmeI fragments in four strains including S4. Otten et al. (1996) reported that the number of rDNA loci is four in S4. Therefore, K-Ag-1 may have one more locus.
Chromosomal organization is well conserved among biovar 3 strains. Jumas-Bilak et al. (1998) proposed the genomic organizations of two biovar 3 strains CFBP2721 and CFBP2607. In PFGE separation of intact genomic DNA, the authors detected small amount of linearized DNA molecules, because long circular DNA molecules would not enter into separation gel in PFGE. The authors concluded that both strains of CFBP2721 and CFBP2607 possess two circular chromosomes and several plasmids, judging from the PFGE data. The larger chromosomes of both strains are approximately 3.5 Mbp in length. The smaller chromosome is 1.1 Mbp in the CFBP2721 strain and 1.05 Mbp in the CFBP2607 strain. In good agreement with the sizes to those of CFBP2721 and CFBP2607 strains, K-Ag-1 possesses two circular chromosomes of 3.6 and 1.1 Mbp. CFBP2721 possesses three plasmids of approximately 500, 250 and 200 kbp, while CFBP2607 has two plasmids of 250 and 180 kbp. K-Ag-1 contains three plasmids of 560, 230 and 70 kbp (Fig.  3) . The 230-kb plasmid is considered to be the tumorinducing plasmid due to the presence of virB gene. This notion is supported by the plasmid's size similarity to Ti and Ri plasmids such as pTiAB3 (Otten et al., 1995) .
The features with respect to locations of chv genes on the genome and the size of circular larger chromosome in the biovar 3 strain K-Ag-1 resemble that of biovar 2 rather than that of biovar 1. The feature with respect to locations of rDNA on the genome resembles that of biovar 1 rather than that of biovar 2. The latter corresponds well with the closer phylogenetic relation to biovar 1 than to biovar 2 based of 16S rRNA gene sequence. In the two biovar 2 strains, A4 and K84, chv genes are located only in circular larger chromosome, whose size is 3.7 Mbp, whereas no chv gene is contained in the smaller (2.6 Mbp) mega-replicon (Urbanczyk at al., 2003) . On the contrary, rDNA and the chv genes exoC and glgP are located on the linear chromosome in two biovar 1 strains C58 and MAFF301001, although the other rDNA loci and other chv genes locate on the 2.8-Mbp circular chromosome (Suzuki et al., 2001; Goodner et al., 2001; Wood et al 2001) .
It is noted that the genome organization in the family Rhizobiaceae, which harbors the three Agrobacterium biovars, is distinct from those of the related families Phyllobacteriaceae and Bradyrhizobiaceae. Members in Rhizobiaceae possess chromosomes of the size relatively smaller (2-5 Mbp) and the composite genome feature rather a huge chromosome (Capela et al., 2001; Galibert et al., 2001; Goodner et al., 2001; Gozalez et al., 2006; Young et al., 2006; Wood et al., 2001 ). On the other hand, two rhizobial bacteria of Bradyrhizobium japonicum in the Bradyrhizobiaceae and Mesorhizobium loti in the Phyllobacteriaceae contain circular a chromosomal DNA with huge size: 9.1 Mbp in B. japonicum (Kaneko et al., 2002) and 7.0 Mbp in M. loti (Kaneko et al., 2000) . We propose a following hypothesis for evolution of the biovars 1 and 3 genomes having an assumption that their common ancestor had a huge chromosome like that of B. japonicum or M. loti. Release of a region including exoC and glgP genes together with rDNA from an ancestral huge circular chromosome resulted in formation of biovar 1 harboring the linear chromosome. Release of a shorter region including rDNA without exoC and glgP genes from the ancestral huge circular chromosome resulted in formation of biovar 3 harboring the smaller chromosome. Such translocation is consistent with the fact that the biovar 1 linear chromosome is larger by nine hundred kbp than the biovar 3 smaller chromosome.
